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ABSTRACT

There is little quantitative data available in Idaho to assess the population effects of
resident game fish losses to irrigation diversions, or even to determine whether a widespread
problem exists. This report provides a synopsis of existing data on irrigation diversion losses
that will help direct future investigations.

Factors that contribute to fish loss include physical characteristics of diversions,
headgate manipulation, natural phenomena, and fish behavior. Irrigation practices that result in
host stream disturbances also potentially impact fish populations. Irrigation operations appear to
primarily impact juvenile fish and may limit recruitment; the mechanisms may express themselves
directly through losses to diversions and/or indirectly through habitat perturbations in host
streams.

If resident game fish losses to irrigation diversions are significant, mitigation methods
that are cheaper than those currently being used will be required. Implementation of these
methods will require instream habitats capable of supporting recovered fish stocks.
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INTRODUCTION

Idaho fishery managers and anglers have long suspected that significant numbers of
resident game fish are lost to irrigation diversions. However, there is little in-state quantitative
data available to assess the effects of such losses, or to even determine whether a widespread
problem exists (Schill 1995). A few studies have attempted to assess the loss of resident game
fish in selected diversions (Hauck 1949; Gebhards 1958; Thurow 1980, 1981, 1987, and
1988; Elie et al. 1987), but they only provide point estimates (most likely underestimates)
which serve little utility in assessing overall population impacts.

The conditions for potentially harmful repercussions are certainly present. Hundreds of
streams are diverted for agricultural purposes statewide, with irrigation diversions ranging in
size from a few cubic feet per second (cfs) to 4,500 cfs. Although the majority of diversions
in the Salmon River drainage and a handful of diversions in southeastern Idaho are screened to
protect against fish loss, most irrigation diversions in the state are not (Schill 1995).

If resident game fish losses are indeed significant, funds for reducing them on a
meaningful number of diversions may not be forthcoming. Screening costs using current
technology (primarily rotary drum screen) are about $3,000 per cfs (Mike Mitchell, Idaho
Department of Fish and Game Engineering, personal communication), but funding of this
magnitude is typically unavailable for resident stocks (Sullivan and Mattice 1986). A proposed
amendment to the Northwest Power Planning Council's Fish and Wildlife Program would provide
funding for up to 40 resident fish screening projects per year in Idaho. Without outside funding
of this nature, alternate non-screening methods will be needed to protect resident populations
if a problem exists.

A comprehensive investigation to determine the extent of resident game fish losses in
the context of population dynamics is needed. If losses of resident game fish to diversions are
shown to be biologically problematic, then cheaper methods for protecting resident stocks will
need to be developed and/or evaluated.

The goal of this research project is to determine if sport fishing opportunities can be
enhanced by minimizing losses of game fish to irrigation diversions. A summary of existing
data on losses to irrigation diversions will provide direction for future investigations.

OBJECTIVE

1. To provide a synopsis of the literature on fish losses to irrigation diversions.

METHODS

I conducted a comprehensive search of the literature on fish losses to irrigation
diversions. Of specific interest were the physical and structural factors that contribute to fish
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loss, numerical losses of resident game fish and potential impacts, and methods for reducing
losses. I also contacted biologists directly in Idaho, Oregon, and Montana for relevant
information.

RESULTS

Factors Contributing to Fish Loss

Clothier (1953a) found a high degree of diversity in the physical characteristics of
irrigation diversions on the West Gallatin River, Montana, and reported a substantial variation
in fish losses. Although many factors undoubtedly affect fish loss, the most egregious
diversions seem to share common attributes: high flow ratios, diversion/headgate
configurations that prevent migration back to host streams, and abundant cover. Spindler
(1955) found that losses of legal-size game fish in the West Gallatin River were greatest in
canals located on river bends and in those associated with wing-dams, i.e., canals with high
flow ratios (canal flow volume versus stream flow volume). Diversion/headgate configurations
that create velocity barriers or some other type of obstruction can also inhibit up-canal
migration out of diversions, particularly for juvenile fish (Gebhards 1959; Good and Kronberg
1986; Fleming et al. 1987; Evarts et al. 1991; Clancey 1993). Finally, the abundance,
distribution, and migration of fish back to host streams are influenced by the amount of cover
in a canal (Clothier 1954; Gebhards 1958 and 1959; Fleming et at. 1987; Thurow 1988).

Headgate manipulation can also influence fish loss. The highest loss of legal-size
salmonids to the Pishkun Supply Canal, Montana, seemed to be associated with elevated canal
flows prior to closure (Anonymous 1952). Clothier (1953b) noted that when canal flows were
suddenly turned off, trout exhibited little tendency to migrate back to host streams.

Other factors that affect fish loss are linked to natural phenomena and fish behavior.
Population density in the vicinity of canal intakes, migratory behavior, and streamflow all seem
to be fundamentally important. Hauck (1949) and Gebhards (1959) found that population
density and the proximity of spawning areas to canal intakes were factors that contributed to
fish loss. Gebhards (1959) also reported that the sensitivity of chinook salmon fingerlings
Oncorhynchus tshawytscha to lateral flows made them vulnerable to diversions and the lateral
canals within them. Munther (1975) thought that losses of juvenile chinook salmon would be
higher in the fall as declining water temperatures stimulated downstream migrations. Clothier
(1953a and 1953b) noted that the greatest amount of movement of game fish into the
Keughan and Low Line canals in Montana occurred during high water periods. Fleming et al.
(1987) and Clancey (1993) reported that the coincidence of high stream discharge and the
emergence of salmonid fry resulted in the active/passive diversion of fish into irrigation ditches
during the drift period. Thurow (1980 and 1981) suspected that the movement of resident
salmonids from Blackfoot River, Idaho, into diversions was significant during low-water years
when a high percentage of existing stream flows was diverted into irrigation canals.
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Losses of Resident Game Fish and Potential Impacts

Resident fish losses in irrigation ditches is not well documented. Although losses of
resident game fish have been confirmed in Idaho (Hauck 1949; Gebhards 1958; Thurow 1980,
1981, 1987, and 1988; Elle et al. 1987), Montana (Clothier 1953a and 1953b; Spindler 1955;
Good and Kronberg 1986; DosSantos et al. 1988; Evarts et. al 1991; Clancey 1993; Eric
Reiland, personal communication, Montana State University), Oregon (Dave Nichols, personal
communication, Oregon Department of Fish and Wildlife), Arizona (Roy 1989), and Canada
(Fleming et al. 1987), little quantitative data on total losses, particularly in the context of
population dynamics, were secured.

Numerous studies have shown that juveniles, or young-of-the-year (YOY), compose the
majority of fish lost to irrigation diversions. Hauck (1949) reported that the greatest number
of fish lost in diversions on the Big Wood River, Idaho, were juvenile rainbow trout O. mykiss.
This observation was substantiated by Thurow (1988) who reported that 48% of the fish
observed in canals on the Big Wood River were YOY rainbow trout. Thurow (1980 and 1981)
also reported that 84% of the cutthroat trout O. c/arki observed in canals on the Blackfoot River
were juveniles and suggested that the loss of these fish could affect recruitment. Elle et al.
(1987) estimated that about 60% of the trout (rainbow, brown, and brook trout) lost to the
Egin Canal on Henry's Fork, Idaho, were YOY fish. Finally, Good and Kronberg (1986)
estimated that 88% of the salmonids lost in a single canal on the Bitterroot River were YOY fish
(primarily whitefish - Prosopium spp.).

Despite the lack of quantitative data to assess the potential impacts of fish loss, at least
one study suggested that loss of recruitment to irrigation diversions may be a limiting factor
for host stream populations. Spoon (1987) considered the loss of YOY trout to be a major
problem in the Bitterroot River, Montana. Clancey (1993) indeed documented large losses (up
to 41 % of the fry passing the headgate of a single diversion) of YOY rainbow trout in canals
on a section of the Bitterroot River. Although he did not directly assess population impacts
(Chris Clancey, personal communication, Montana Department of Fish, Wildlife and Parks),
recruitment appeared to be limiting.

While these studies did not assess population effects, theoretical analyses suggest that
juvenile fish loss can have severe impacts. Jensen (1971) suggested via simulation that even
a 5% increase in the mortality of 0+ brook trout S. fontinalis (longevity = 5 years) in Hunt
Creek, Michigan, could decrease yield. Further, a large portion of production forgone in gizzard
shad Dorosoma cepedianum (longevity = 7 years, age at maturity/recruitment = 3 years) could
be attributed to the loss of age 0 fish by entrainment and impingement in a Lake Erie power
plant (Jensen et al. 1988).

Losses of adult fish may also be important, although some studies suggest that larger
fish comprise a minor portion of losses. Thurow (1981) reported that only 16% of the
cutthroat trout observed in ditches on the Blackfoot River were >300 mm, while Elie et al.
(1987) and Thurow (1988) documented that less than 10% of the trout lost to canals on
Henry's Fork and the Big Wood River, respectively, were over 300 mm. Still, these studies
represent only a snapshot of the losses on a limited number of diversions. Cumulative losses
may be substantial and potentially deleterious, particularly when fishing mortality is taken into



J3IRRDIV.94 5

consideration. Quinn and Szarzi (1994) have shown that when older age classes are
excessively exploited (a combination of fishing mortality and irrigation losses in this case),
the percentage of older fish in a population decreases dramatically.

Alternate Methods for Reducing Losses

Significant losses of resident game fish will warrant a program characterized by cheaper,
alternate methods for protecting resident stocks. Regardless of the methodology, instream
habitat capable of supporting recovered fish stocks will be required. The cooperation and
participation of irrigators, government agencies, and angler groups will also be necessary.

One possibility for reducing fish loss involves staged flow reductions. Clothier (1954)
demonstrated that abrupt flow reductions (as opposed to instantaneous flow termination) at
the end of the irrigation season prompted fish to migrate back to host streams. Finnegan
(1978) noted the same response to a rapid drop in flow. Clothier (1953b) and an updated
reprint issued by the Montana Department of Fish, Wildlife and Parks (Anonymous 1990)
describe this procedure and advocate staged flow reductions for a period of three days prior
to canal closure in conjunction with habitat removal. Shepard (1990) reported success in
reducing fish losses to diversions through flow reductions on the Big Hole River, Montana, and
noted that the cooperation of irrigators was vital. The method is relatively time and labor
intensive because headgate manipulation and canal maintenance are required. The procedure
may also be impractical in canals that have: 1) drop structures which prohibit movement
beyond certain points; 2) headgate velocities that prevent exit back to the host stream; and 3)
lateral canals that deter passage to the main canal (Evarts et al. 1991).

Behavioral barriers involving light and sound generating devices may represent another
possibility for preventing fish loss. Past research in this area has been limited, with efforts
primarily directed at reduction of turbine entrainment losses in reservoirs. Little attention has
been devoted to instream study. Patrick (1985) found that coho salmon O. kitsutch, Atlantic
salmon Salmo salar, and rainbow trout exhibited a strong avoidance to strobe lights in
laboratory tests depending on current velocity and time of day; coho salmon and rainbow trout
also exhibited a marked avoidance response at night in field tests conducted in a Canadian
reservoir. Sonic devices show less promise, but the outcome of pilot tests may be system-
dependent (Ross et al. 1993). Results from tests conducted on salmonids using low frequency
sound have been mixed. Vanderwalker (1967) directed steelhead smolts into an irrigation
bypass with air-driven vibrators running at 270 cycles per second (cps), but was unable to
determine whether the fish were responding to pressure waves, low frequency sound, or water
displacement. However, he found that in laboratory tests, juvenile chinook salmon showed an
avoidance response and did not become habituated to low level frequencies up to 280 cps.
Conversely, Stober (1969) reported that cutthroat trout displayed an initial "start" reaction to
low frequency sound, but became habituated with continued exposure. Although the use of
sound is complicated by species-specificity (Sullivan and Mattice 1986), a hybrid system using
strobe lights and sonic devices may be effective. This was demonstrated by a combined device
configuration which diverted 99% of migrant juvenile American shad Alosa sapidissima away
from turbines at the York Haven Hydroelectric Project, Pennsylvania (Anonymous 1994). Light
and/or sound devices require electrical power which would inflate costs, but use of solar panels
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may be feasible. Operation of these devices could also be limited to spring and fall periods
when the potential for entrapment may be higher due to spawning, downstream migration, or
other behavioral movements.

Screening technologies are prohibitively expensive, but cheaper versions of current
systems are being developed. Bomford and Lirette (1991) described an inclined plane design
that was installed in a 1,500 cfs hydroelectric diversion canal at a cost of about $200 Canadian
per cfs (1986 dollars). This screen did not require power or full-time operator attendance, and
was 80% effective in screening test fish (age 1 + coho salmon). The Oregon Department of
Fish and Wildlife has developed relatively cheap fish screens for drainages that lie outside of
the Columbia River Basin (Dave Nichols, personal communication, Oregon Department of Fish
and Wildlife). One system designed for use on smaller canals involves a six-screen panel.
Although it must be manually cleaned, it only costs $1,000. A boxed rotary drum screen has
also been designed for use on larger canals at a cost of $7,000 to $8,000.

The diversity of diversion/headgate configurations make it unlikely that any one
methodology could be adapted to all situations. A development and evaluation program would
necessarily require numerous tests under a variety of conditions.

Benefit Potential

If there are significant losses of resident game fish to irrigation diversions, the "savings"
engendered by a program to protect resident stocks may be constrained by conditions in host
streams, particularly for small fish species and juveniles. Highly variable flow regimes and other
complications associated with irrigation withdrawals and natural phenomena can effect fish
differently depending on the way they utilize the stream, and can act to reduce community
complexity.

Abiotic, rather than biotic factors appear to control fluvial ecosystems, and summer
intermittency is a primary limiting factor for salmonids (Binns 1994). Bain et al. (1988) reported
that the density of small fish species and size classes decreased when confronted with unstable
shallow-water habitats. Moore and Gregory (1988) documented that YOY cutthroat trout in
Mack Creek, Oregon, were virtually eliminated from stream sections where lateral habitat was
reduced. Irrigation withdrawals in spawning tributaries may also limit recruitment through
interruption of spawning activities or desiccation of redds (Clancey 1988 and 1993; Byorth
1990). Flow reductions can also promote siltation and high water temperatures (Kraft 1972),
and inefficient irrigation practices can result in silt-laden return flows (DosSantos et al. 1988).
These perturbations can impact reproductive success and availability of interstitial cover
(Saunders and Smith 1956), as well as promoting temperature-dependent mortality. Diversions,
canals, and dams on mainstem rivers and tributaries can also reduce gravel recruitment and
block access to spawning/rearing habitat (DosSantos et al. 1988; Thurow 1988).

Even if fish avoid direct habitat impacts, they may still be vulnerable to indirect flow
effects through the food web (Weisberg and Burton 1993). Wipperman (1968) thought that
competition for food and space may have been intense in a dewatered section of Blacktail
Creek, Montana, and suspected that flow reductions affected the growth rates of YOY brook
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trout. Moore and Gregory (1988) found that growth rates of YOY cutthroat trout in Mack
Creek were generally lower in reduced-lateral habitat treatment sections; however, growth was
unaffected by density. Predation on fry by larger fish can also be considerable, particularly
when reduced flows force entire populations into a few pools (Rinne 1980).

The effects of flow reductions on catchable-sized fish may be of little consequence if
suitable refuges are available. Wipperman (1968) reported that dewatering triggered an
upstream movement of yearling and older brook trout and rainbow trout in Blacktail Creek,
Montana. He suggested that short term dewatering may not be serious in streams with
adequate pool habitat, provided temperatures are not critical or streams do not go dry. Kraft
(1972) showed that age I and older brook trout in Blacktail Creek moved from runs to pools
when 90% of normal flows were diverted, and that flow reductions did not result in noteworthy
mortality. Binns (1994) reported that even though the density of catchable brook trout
decreased in Beaver Creek, Wyoming, after an extended drought, density was still higher than
before habitat development.

DISCUSSION

Although losses of catchable-sized game fish to irrigation diversions may or may not be
significant, the literature suggests that irrigation practices reduce recruitment. The mechanisms
may express themselves directly through losses to diversions and/or indirectly through habitat
perturbations in host streams.

If losses are shown to be significant, then the protection provided by merely blocking
access to irrigation diversions or furnishing a means of escape may be insufficient, regardless
of the life stages affected. The need for adequate amounts of suitable instream habitat capable
of supporting recovered fish stocks begs for minimum streamflows and healthy riparian zones.
Nonetheless, the first step in solving the problem is determining whether one exists.
Quantification of game fish losses to irrigation diversions in the context of population dynamics
is therefore important.

RECOMMENDATIONS

Age 0+ fish may constitute the majority of losses to irrigation diversions, but the
difficulties encountered in estimating numbers for this age group in all but the smallest host
streams will be daunting. Even if we were able to estimate age 0 losses in the context of
population levels, the results would be difficult to interpret without knowledge of stock-recruit
relationships for a given watershed. Still, we should attempt to estimate losses of age 0 fish
whenever possible and evaluate them over a range of possible stock-recruit functions. We
should also collect age-structured instream abundance, diversion loss, and harvest information to
use in dynamic pool and program MOCPOP analyses. The following approach could be used:
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1. Choose systems that have canals possessing a diversity of physical characteristics,
population life history data complete enough for modeling, viable fisheries in proximity
to canals, and cooperative irrigators.

2. Estimate concurrent age-structured instream abundance and diversion losses using
trapping and electrofishing population estimates. Estimate numbers of age 0 fish in
diversions and host streams whenever possible.

3. Estimate age-structured harvest parameters concurrent with instream population and
loss estimates. Treat losses as a component of the harvest.

4. Estimate sustainable exploitation rate using dynamic pool models and/or impacts on
future harvest using program MOCPOP.

Steps 2 through 4 need only be applied to target species that appear most frequently in
harvests and canal catches. Dynamic pool analyses will indicate a problem if harvests and canal
losses combined are not sustainable, but harvests alone are. The MOCPOP analyses will
demonstrate the potential impacts of canal losses on future harvests.
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